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ABSTRACT 


A  tesfing  program  was  initiated  by  U.  S.  Naval  Civil  Engineering  Laboratory 
to  conduct  dynamic  tests  on  torque  balanced  wire  and  synthetic  rope.  The  tests  were 
conducted  ot  the  laboratories  oP  Prefo.nrjed  Line  Products  Company,  Cleveland,  Cfhio. 

The  scope  of  the  work  was  to  provide  dato  so  that  a  bosis  con  be  established 
to  select  rhe  best  type  of  line  for  loatHiandling  purposes  in  the  deep  ocean  environment. 
The  tests  consisted  of  tension  vs  elongation,  rotation  and  kink  formation,  end  longitudinal 
dynomic  response. 

The  tension  elongation  tests  yielded  doto  typical  to  stranded  line  construction. 

The  rototion-kink  tests  revealed  that  rsegiigibie  rotations  resulted  in  the  test 
cobles  when  under  load  and  that  no  kinks  were  formed  when  the  lood  was  suddenly 
reieosed. 

The  dynamic  response  tests  showed  that  the  measured  dynamic  stresses  were 
dependent  upon  the  exciting  frequency.  The  natural  frequency  for  the  synthetic  rope' 
i^ample  v/os  0-3  cps  and  0.6  eps  for  the  wire  rope . 


The  tesfs  Indicafed  that  the  highest  values  of  combined  static  and  dynomic 
stresses  occur  at  resonance  which  couid  cause  failure  ol"  the  cable  at  poi.its  of  high 
stress  concentration . 

it  is  recommended  thot  some  hydraulic  parameters  and  random  excitation  be 
introduced  in  the  future  testing  of  this  type.  Stress  relieving  fittcngs  should  be 
investigoted  for  use  on  load  handling  lines  in  the  oceon  environment. 


Januory  1970 


CR  70,013 


TEST  REPORT 

0Y?M,\AIC  TESTING  OF  LOAD  KANDLfNG 
WIRE  ROPE  AND  SYNTHETIC  ROPE  (li) 
NAViXL  CIVIL  ENGINEERING  UBORATORY 
N62399-69-C-OOI3 
PROJECT  NO.  M9009-T 


lntyc4jf;Hon 

The  fe;tfn0  prognim  described!  hemtn  wt^s  conAfctmi  for  the  Novoi  Civii 
Engineering  lobcraftMy,  Contract  No.  Nd3399-49-C~0013,  on  government 
furnished  steel  wire  rC’ie  end  synth«^tic  rope.  Ti^ie  tests  were  cotiduKted  at  the 
ioboretorics  of  Pyeformedi  Line  Aroducts  Con^ony,  Cieveiond,  Ohio. 

The  object!  re  of  this  work  %vos  to  provide  test  data  to  bo  onatyzed  and 
evaluated  os  a  bosis  for  the  selection  of  the  best  type  of  rops  for  lood'hondiing 
purposes  in  the  deep.oceon  environment.  The  typos  of  tests  corwucted  consisted 
of  tervion  vs  elon^tion,  rototion  and  kirdc  Ibrmoticn,  ond  longitudinal  dynamic 
response. 


TENSION  VS  ELONGATION  TEST 


Description  of  Test  Equipment 

The  equipment  used  to  conduct  the  tensicn  elongetion  tests  was  o  horizonto! 
testing  machine  with  a  ioodiiq  cojpocity  of  50,000  pounds  ond  o  spun  length  of  66  feet. 
Fig.  I  is  o  schematic  of  the  equipment. 

The  test  machine  has  noreototing  clevis  ends,  one  ottoched  to  o  hydroulic  nmi 
and  the  other  t;*  on  odsustobie  dead-^^nd.  The  hydraulic  system  h«  o  constant  pressure 
pump  with  o  flow  control  to  yory  the  looding  ronge.  The  iood  S)>nsing  system  is  composed 
of  oonmerciol  loud  cells  installed  in  series  with  electronic  components  and  o  2d'*inch 
dial  rr-odout  with  varying  Iood  ronges  up  to  50,000  pounds. 


Because  of  (he  subsfonHa!  differences  in  tiie  physicoi  properties  of  the 
wire  rope  and  the  syurhetic  rope,  the  test  setup  was  modified  to  suit  the  respective 
test  samples  -,  Sinc'^  She  strength  of  the  wire  rope  exceeded  th^^  test  machine  loading 
capacity,  a  force -df.'tubling  pulley  arrangement  wos  applied  between  the  mochine  ram 
and  its  '"xme  and  one  end  of  the  test  sample.  A  2C0,<^-'pound  i«xid  cel!  wos  installed 
in  series  ^-ith  the  test  sample  to  sense  the  load  and  a  Baldwin  SR'4  Stroin  Analyzer  was 
emptcyed  to  measure  the  tensiln  load  in  the  ^est  sample  as  shewn  in  Fig.  2.  Optical 
cathometers  were  used  to  measure  the  ef ongatim .  Fig .  3  shows  the  setup  used . 

The  double  pclity  arrangement  was  rtot  used  for  testing  the  syntbstic  tops, 
hav/'ever,  because  of  the  stretch  characteristics  of  the  rope .  The  calculated  elongation 
of  the  rope  reveaieJ  tno»-  the  machine  ram  trovol  woe  insufficient.  Therefore,  turn- 
buckles  were  used  in  line  with  the  test  sample  to  take  up  the  tnitiol  stretch.  Fig.  4 
shows  the  tesr  setup  used.  Eiongotion  was  mesiured  vrith  e  steel  tope  to  the  nearest 
!/8  inch. 


Test  Sonvples 

All  tests  were  performed  using  goverr-ment  furnished  steel  wire  rope  and 
synthetic  ropt^.  The  wire  rope  was  new.-  Flowever,  there  was  evidence  thot  the 
syr^thetic  rope  hod  been  in  service  p.'ior  to  testing.  The  controctor  was  responsible 
for  test  sample  terminotions.  The  loops  in  the  synthetic  rape  samples  wer«*  fonned 
by  Samson  Cordage,  Boston,  Massachusetts  ond  the  wire  rope  wos  terminot-ed  with 
spelter  socket  fcttir>gs.  Specifications  of  the  respective  ropes  ore  listed  in  Figs.  5 
ond  6. 


Test  iVoc=,^dure 

Eoch  test  somple  was  pioced  in  the  test  mochine  artd  puiled  taut  to  on  Initial 
tension  of  !..0C0  pourKb .  A  60-ir)ch  goge  length  was  then  morked  with  on  accuracy 
of±l/?6lnch. 

AdditicrK:i  tensile  load  was  then  opplied  of  the  rak,  of  0.CI9  inches  per 
minute  in  5,000*^Mund  increments.  These  incr*i*nental  loads  «v'ere  held  for  one 
mir..vtc>.  During  the  lood-hoiding  periods,  the  concsponding  elongotions  of  the  goge 
length  were  measured  at  the  beginning  ond  ogain  at  the  end  of  the  holding  periods . 

'  The  duplicate  fTM<»uremeres  vrere  mode  in  onticipotion  of  possible  humoi  errors  and 
fTMT  jicsstble  creep  in  the  line  material .  Meosurements  wme  token  to  60  per  cent 
the  rated  breaking  stren})th  of  tha  nx"  xiTol .  The  test  >omplei  were  then  pulled  to 
cestruction  noting  the  aftp'oximote  breaking  ^ood. 

Test  Results 

Test  results  for  th-i  wire  fope  ore  tabulated  ir  Tdi-ie:  I  and  II  and  shown  in 
curve  form  in  Fig.  7. 


Test  results  for  the  synthetic  rope  are  tabulated  in  Table  III  and  shewn 
in  curve  form  in  Fig.  8. 

The  ultimate  fracture  occurred  at  or  near  the  t3rmir«:  •'g  device  tor  coth 
types  of  materiel .  Fig.  9  reveols  that  the  wire  rope  failed  at  >«  edge  of  the  zinc 
socket  and  Fig.  tO  clearly  shows  the  failure  of  the  synthetic  rope  ot  the  junction 
of  the  loop  and  the  long  end  of  the  rope. 


Discussion 


The  following  problems  were  encountered  during  this  series  of  tests. 

The  breaking  strength  of  the  wire  rope  exce6ded  the  test  machine  capo  Hy. 

A  method  tc  obtain  higher  loading  was  devised  to  utilize  the  existing  test  equipment. 

The  ram  travel  of  the  test  machine  was  limited.  A  system  and  technique  to 
take  up  the  extensive  stretch  of  synthetic  rope  had  to  be  devised  and  employed . 

Failures  of  the  test  sompies  below  the  rated  breaking  strength  was  a  serious 
problem,  in  the  cose  of  the  synthetic  rope/  the  required  elongation  reading  prior 
to  failure  ’./os  nor  measured  because  of  the  prematire  failure.  This  also  caused 
concern  fo>*  the  sohty  of  the  iaboiatory  personnel  who  were  taking  elongation 
readings.  Nonrepeatabillty  and  deviation  In  measured  dota  was  evident . 

In  order  to  obtain  confident  elongation  readings  on  the  wire  rope,  several 
samples  were  tested,  in  the  first  samples,  problems  developed  with  the  hydraulic 
system  and  the  sample  was  cycled  severoi  times  before  it  failed.  The  test  sample 
was  loaded  to  the  capacity  of  the  test  machine  and  then  the  load  was  released 
and  a  pulley  arrangement  was  installed.  This  technique  resulted  in  a  discontinuity 
and  a  hysteresis  curve  as  shown  in.  Fig .  11. 

A  secorrfj  somple  was  tested .  There  was  a  strong  deviation  of  data  in  this 
test  arxi  up^  inspection  of  the  test  somple  it  wos  noted  that  at  one  socket  fitting 
o  strand  hod  slipped  our  prematurely  which  couSd  have  caused  the  erratic  readings. 
This  dato  was  discarded . 

The  most  dependable  date  was  obtoined  from  the  third  sample  tested  and 
the  data  is  presented  in  Fig.  7. 

Additional  samples  of  rho  synthetic  rope  were  not  tested  becouse  it  was 
decided  that  the  one  test  clearly  indicated  the  weakness  of  the  synthetic  rope 
termination.  To  conduct  further  testing  would  hove  required  cdditlonai  time  and 
expei'Mliture  to  design,  develop  and  monufocture  o  special  end  fitting  ts  hold  tho 
vull-foj-ed  strength  of  the  synthetic  rope. 
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For  multiftra^io'dd  cable  such  as  i.«ed  in  fheie  tests,  the  attainment  of  full 
roted  breaking  strength  depends  a  great  deal  upon  the  onifomi  loading  of  the 
individual  strands.  This  is  not  a  simple  task  when  using  most  commercial  fittings. 

Due  to  intrinsic  variations  in  the  tensile  and  physicol  properties  of  a 
terminated  coble,  several  test  samples  should  be  tested  in  order  to  yield  enough 
data  to  determine  an  effective  holding  strength  and  o  representative  coble  modulus 
of  elasticity  Unfortunately,  extra  test  samples  were  not  available  becouse  of  the 
limited  amount  of  moterial  on  hand  and  for  the  economic  reasons  mentioned  earlier. 


ROTATION  AND  KINK  FORMATION  TESTS 


Test  Equipment  ond  Setup 

The  laboratory  was  faced  with  the  praSiem  of  testing  relotiveiy  lorrg  lengths 
at  various  high  loads  in  a  vertical  configuration.  Extsting  loborotory  equipment  did 
not  have  the  required  amount  of  weight,  the  iifti:^  copocity  nor  the  needed  heights. 
Therefore,  it  was  decided  to  conduct  the  rotation  and  kink  tests  outdoon  at  o  local 
scrap  yard  where  the  weights  and  a  crane  with  lifting  and  height  capocity  were 
available. 

Each  test  sample  was  vertically  suspended  from  a  boom  hoving  a  locked  clevis 
attachment  at  the  top.  The  bottom  end  of  the  suspended  test  somple  was  looded  with 
attached  weights  and  was  free  to  rotate . 

Four  groups  of  preweighed  weights  were  used  for  each  test  somple .  Weights 
of  2,250,  4,500,  6,9C0,  9,000  pounds  weri  used  to  test  tlie  synthetic  rope  samples, 
and  4,100,  7,800,  11,^,  15,400  pounds  -/vere  used  to  test  the  wire  rope  samples. 

A  Sb'inch  machinist  scale  was  suspended  from  an  upper  gage  mo.-k  of  each 
test  sample  to  meos'j/e  eiongotion . 

Visuo!  observations  of  the  ossocioted  rotations  were  mode  by  means  of 
stotionory  and  rototir^  markers,  one  on  the  ground  ai  d  one  on  the  ottoched  weight 
assembly,  respectively. 
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Te$t  Somples 

Eaghr  test  samples  w«r«  |xiepe^  at  follows: 


Test  Sonrale  No.  1 

19  feet  2  inches 

Synthetic 

Test  Sample  No.  2 

10  feet  1 1  5/8  inches 

Wire 

Test  Somple  No.  3 

!9  teet  5/8  inch 

SyNhetic 

Test  Semple  No.  4 

10  feet  1 1  1/8  inches 

Wire 

Test  Sample  No.  5 

18  feet  9  5/8  ir^ches 

Synthetic 

Test  Sample  No.  6 

10  feet  1  >  5/8  inches 

Wire 

Test  Son^e  No.  7 

17  feet  i  1  1/3  inches 

Synthetic 

Test  Somple  No.  8 

11  feet  i  inch 

Wire 

The  iengtfs  tbr  the  wire  rope  were  meosurod  from  fiKHithHo'-movth  of  the 
sOCKOt  fetting .  7h^  ier^phs  for  the  synthetic  rope  were  mcosored  frem  pin-fo-pin . 


Tes^  ftpcerwe 

At  the  begrtvtihg  of  each  *e£t,  the  test  scaipies  were  p/etooded  with  o  tore 
iood  of  ?09  fx>tmdii.  At  ihir  Hre  initioi  nominai  ie<^rii  was  meosured,  the 
120>ieclr  leogfh  wos  teorhed,  yisuol  alignment  of  the  end  fittings  wos  oscetfoined 
ond  o  bench otas'x.  ur  suE^>  Teoding,  fsr  sobfe<tucnt  rototion  was  obtoined. 

TS»c  5o«i^«  was  lUrn'r  lowered  ond  the  required  weights  were  ottoched 
to  the  test  .  ?ech  teoded  test  saeple  wos  then  noised  off  the  jpoond. 

During  thr  roUing  process^  the  weighted  end  «ros  monuoiiy  held  by  o  technlchm 
in  the  rcro  firwitiori.  The  moniMsi  rofotionoi  restraint  was  then  refeoMd  ond  the 
assembly  was  allowed  !o  rototc  ond  osciiiote  freely.  Cbserrotions  of  the  direction 
ond  ntognitvde  of  the  meximum  rotoHons  werv  mode  ond  recorded .  When  the 
osciliotions  stooped,  the  elongotion  position  of  the  tower  goge  mark  was  measured 
or<d recorded,  (fig.  12) 

The  weighted  otsembly  wos  then  dropped  to  the  ground  by  rppid’y  lowering 
the  boom .  The  test  sample  w»  allowed  to  collapse  severol  feet.  Observotions  for 
kir^  fonoatiof:  were  then  mode.  Figs.  13  orid  14  show  the  collapsed  coble  with  no 
kinks. 


Test  Restiits 

* 

The  results  ore  tobuloted  in  Tobies  ?V  and  V.  Graphs  were  not  constructed 
becouse  the  observed  anguioe  rototions  were  csmporotiveiy  smolf  ond  inconsistent . 

An  eMOMpfe  of  th's  irtconsistency  con  be  seen  in  Table  V.  0<jriiig  tl.e  outdoor  testing 
of  the  synthetic  rope,  the  sotiq^e  rotolscd  225  degrees  at  o  load  of  4,509  pounds.  At 
a  locfd  of  6,900  pounds,  the  sompfe  rctoted  45  degrees,  ond  ot  9,000  pounds,  135  degrees . 
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Discusscon 


Prior  to  tei!ino,  it  wos  assumed  that  the  conttroctiona'JSy  torque-balanced 
test  somples  would  tend  to  twist  when  fooded  oxially  ofxi  that  they  would  form 
chorocteristic  hinks  upon  sudden  release  of  the  tensile  load.  The  test  results 
indicate  otlierwise/  and  all  the  tests  showed  compoi*atively  little  or  no  rotation 
otxi  no  kinks  were  formed.  Becouse  of  the  unexpected  results,  several  repetitious 
tests  were  run.  Also,  a  series  of  rechecks  in  (he  ioborctory  on  t^^  horizontal 
testing  mochine  were  conducted  to  compare  with  data  obtoined  ev'tdoors .  in  (he 
ioborotory  the  test  somples  were  ottoched  to  o  rotating  clevis  of  tf^;;it-beoring 
construction  on  one  end  to  allow  the  sample  heedoie  of  rctoticn  durtig  lusding, 
Despite  some  frictional  resistartca  cf  the  rotating  clevis,  these  laboratory  rechecks 
suhstontiolly  cerresportded  with  the  outdoor  resulfs  regarding  the  order  C't  mognitude 
for  the  expected  ongutor  rotation.  Again,  these  angular  movements  went;  wery  sirsII 
in  comparison  with  whot  might  be  expected  fram  multisfrond  coble  not  ho'.^lr.jv 
torque-balance  design  features. 

These  test  reftifts  indicate  thot  the  monufocturer's  cloims  to  o  torque-boktneod 
line  were  virtuolly  sufastonticted;  at  least  for  the  lengths  of  the  test  samples  employed. 

does  not  imply  thot  the  test  samples  were  free  of  torque  conditions.  The  tvx 
results  brought  attention  to  the  need  for  finite  rololioQoi  laeosurements,  «hen  this  data 
is  required  to  extropoiote  sample  lengths  to  substontioliy  longer  fmcgrhs  of  terque- 
bolonced  coble. 

The  results  of  no  kink  sonoolion  indicoted  that  the  torque  developed  voder 
!o<^  wes  .negligible  for  these  oobw  ccnetructions,  resulting  in  no  lOtoiEon.  Therefore, 
tf  re  was  no  coble  distortiun  which  would  cause  kiido  in  the  coble,  should  o  slock 
condition  sudcScniy  develop. 


DYNAMIC  RESPONSE 


CoosiderctioMs  frior  tr«  Testing 

The  ((dMratory  vpos  faced  with  nuaseraus  test-engineering  probfcmi  prior  to 
testing,  Theseprobicnisandtheif  respective  s^utioqs  ore  described  os  fellows. 

Interpretation  of  reolistic  scc-stote  periods  cotreyonded  io  relotiveiy  lew 
frequencies  in  tensi^  exciforior  v.hich  were  coiylcd  with  relotivciy  smoii  cyclic 
yesimen  diyioccAentx . 

In  order  to  dctcoeine  Che  inodificaficns  required  to  motch  our  existing 
equipment  capabilities  with  the  test  pgrfocMonce  rnquiremcrirs  es  ovtiioed,  the 
basic  dynomics  of  the  test  progFom  were  further  ono'yzed.  The  N.C.E.L. 
Technical  Report  INo.  433  (AD  631  267}  was  reviewed  end  the  awtheeicticol 
model  was  converted  to  o  Icbcrofery  test  node! .  Such  efforts  reveoled  thr> 
following; 


1 .  Fundamentai  resonor^e  con  occur  of  retofiveiy  low  frequencie* 
fci;  both  rooc  moteriotsf  porttcuioriy  when  design  poromeren  were 
seated  down  to  those  of  a  {(^oratory  test  modei .  Catculcticns  ore 
included  at  the  eftd  of  the  text. 

2.  The  magnitude  of  the  cyclic  axial  displocements  did  not  enter  into 
the  dynamic  response  of  the  tout-rape  moss  rystem . 

3 .  The  instolfotion  of  ortother  weight  ot  »be  diriving  eod  of  the  test 
spon^  for  the  purpose  of  mointoining  o  notuino!  rope  tension  6t;rins 
the  cyclic  excitotiori,  did  not  ecsentiol'y  offect  the  dynamic  response, 
porticuiorly  ot  resomnee. 

Ftocrico!  test  equipment  mcdificotions,  ond  o  test  procedure  and  seh^ 
were  devised  ond  employed.  Such  equipment  wes  believed  to  provide  coKd 
simulotion  of  the  dyrxsmics  involved  in  o  verticol  oceorriift 

The  equfpMsccf  erray,  os  shown  In  Figs .  T5  and  16^  woe  designed,  iabricoted 
and  oKcmbled  fdr  conducting  this  series  of  tests. 

After  some  prefimincry  tests  using  the  w^re  rope  test  soeqde  and 

technique  shsdce-down  period),  ihe  dytiomc  forces  o^  ressmonce  irsdict^ed  the  need 
for  substontioi  /ope  teneinofing  fittings.  Thfo  lequiremer^  faecosee  ocste  for  the 
syidhettc  rope  oatcrioi,  in  fight  of  the  teneinotion  deficiency  experienced  with 
the  loop  teneination  during  the  previous  tension  efongetion  tests. 

BeCouse  of  this  oeceHity,  on  esioopcuioted  tenoinGirioa  of  the  synthetic  fope 
was  devMped  ond  woe  eyefod  between  WjOCO^fitd  20,00?  pounds  impeded  reg^ 
umicr  the  dynoaic  tes*  equipment)  in  the  temifo  testing  mocKlne  wEthows  any  sffopoge. 

Test  Semples 

Both  types  of  rope  eneeriei  were  furnished  by  N.C.i.t.  thriy  were  out  to 
length  and  equ^iood  with  fensifieting  fittings.  The  fength  of  the  wire  rope  test 
scmplewos  ;£dfoet7inenes.  The  length  of  the  synthetic  rape  test  sos^^  wcs 
?  17  feet  3  inches .  Both  lergths  were  eicerjred  ^j»»der  e  ncminet  heiriOR  of  iO,COO 
poundb  tensioft  while  resting  in  the  test  spon. 

The  terminoting  finish  for  the  <wire  rope  were  identicoi  lo  those  described 
and  shewn  in  Fig.  9. 

The  teneinofing  fitti.xgs  for  the  sydheric  lepe  were  conizrucred  os  folioiirs: 

9.  Tine  core  one  the  outer  foyer  fronds  were  untwined  ood 

ihwoughly  wened  with  Scotch-Cost  No.  9  resin  (3rM  product). 

b.  Th*  os-rer-layer  sSroods  were  circMofereatiBify  pissed  and 
wedged  by  a  meTeJlic  cona  piece  c^irst  the  inside  weli  of 
the  clevis-type  sochet  fittir^. 
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c .  The  core  strands  were  fed  through  the  large  center  hole  of 
the  wedging  cone  piece.  The  extended  core  strands  were 
radially  mushroomed  outward. 

d.  The  entire  assembly  was  thon  potted  with  Scotch-Cost  No.  9 
resin/  making  particularly  certain  that  sufficient  resin  was 
present  in  the  necked  cavity  of  the  fitting. 


Test  Equipment/  Setup  and  Instrumentation 

The  test  equipment/  setup  and  instrumentation  were  common  to  both  test 
samples  of  wire  and  of  synthetic  rope>  The  overoll  arrangement  is  shown  schematically 
in  Fig.  17.  The  constituents  were  as  follows: 

Abutments  provided  the  supporting  structure  for  the  spanned  test  ossembly. 

Guides  offered  horizontal  guidance  ot  three  different  locations  along 
the  span  to  minimize  vibration  to  the  test  span. 

Turnbuckles  provided  a  means  of  fine  adjustment  in  tensioning  the 

test  samples  to  the  desired  nominal  10/000-pound  line  tension. 
One  clevis  stud  of  each  turnbuckle  was  instrumented  with 
strain  gages  to  measure  axial  tensile  load. 

Pillow  Blocks  provided  the  longitudinal  guidance  for  the  actuoting 
linkages.  These  pillow  blocks  were  constructed  of  Thomson 
linear  ball  hearings/  thus  offering  minimal  sliding  friction. 

Loading  Beams  &  Dead  Weights  provided  load  multipliers  and  the 

maintenance  of  line  tension.  The  driving  beam  end  transmitted 
the  sinusoidal  excitation.  The  pivoting  beams  were  constructed 
with  antifriction  ball  bearings. 

Load  Cells  were  used  to  sense  the  tension  variations  at  the  input  ond 
output  ends.  The  safe  working  load  fcr  both  load  ceils  was 
18/000  pounds. 

Linear  Variable  Differential  Tronsformers  were  used  to  measure  the 
[ong!tuclirK]|  displocemehts . 

Drive  Mechanism  provided  the  cyclic  longitudinal  displacements  at 

variable  frequencies  ond  amplitudes.  The  mechanism  consisted 
of  a  variable  gear  motor/  sprocket-chain/  jack-shaft  reducrion 
stage/  driving  o  variable  crank-arm/  four-slide  mechanism. 

The  slider  was  attached  to  the  pivoted  beam  through  a  pin-slot. 
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Instrumentation  Ttecorder  was  a  Honeyweil  No.  1020  moltichannel 

osciilograph.  IF was  compifiment’ed  with  a  Heiland  oscillator 
end  carrier  amplifiers.  The  recording  galvos  were  of  1,600  cps 
response . 


Test  Procedure 


The  test  samples  were  installed  between  the  abutments  of  one  of  the  125~foot 
vibration  beds.  In  order  to  arrive  at  the  correct  final  installed  test  sample  lengths 
between  the  end  abutments  required  a  predetermination  of  the  load-free  length  of 
the  test  sample . 

For  the  wire  rope,  theoretical  calculations  of  the  required  length  were  rather 
straightforward.  However,  for  the  synthetic  rope,  predetermination  of  the  length  was 
not  so  easily  occomplished.  The  theoretical  calculations  of  the  stretch  only  provided 
a  regional  length.  The  exact  length  dimension  was  difficult  to  determine  because  of 
the  various  inaccuracies  of  the  physical  date  used  to  calculate  the  stristch  length  when 
under  load .  One  of  these  factors  was  looseness  of  the  external  layer  of  the  synthetic 
rope. .  Therefore,  a  trial  and  error  method  was  used.  That  is,  a  length  of  rope  was 
installed  and  the  length  under  load  was  noted.  The  sample  was  then  removed  and 
shortened  and  then  reterminated.  The  final  loacKree  length  resulted  in  a  much  shorter 
length  than  the  colculations  indicated.  The  test  samples  were  pulled  into  position  by 
using  ratchet  type  line  hoists.  The  test  samples  were  then  secured  in  the  test  span  when 
the  inline  load  reoched  10,000  pounds  For  the  wire  rope  and  13,000  pounds  for  the 
synthetic  rope.  When  the  pulling  end  device  was  removed,  the  span  line  tension  dropped 
to  somewhot  below  the  required  test  load . 

The  final  nominal  tensioning  to  test  load  was  occomplished  by  adjusting  the 
tun  uckies  which  were  installed  in  series  with  the  test  samples .  After  acquiring 
the  desired  test  tension,  the  guides  were  attached  to  eliminate  transverse  vibration 
of  the  test  samples. 

The  required  instrumentation  used  to  sense  the  predetermined  test  parameters 
was  then  installed  and  calibrated.  This  instrumentation  consisted  of  two  LVDT's  to 
measure  the  displacement  at  either  end  and  two  load  ceils  to  measure  the  force 
variations  ut  the  input  and  output  end.  During  the  running  of  the  test  ail  the  force 
and  displacement  signals  were  simultaneously  recorded  on  the  oscillograph. 

To  reach  the  low  natural  frequency  of  the  tested  taut-rope  moss  system,  the 
driver  mechanism  was  started  at  a  speed  above  resononce,  then  incrementally  swept 
upward  about  5  cps  and  swept  downward  until  the  resonant  frequency  was  reached . 

At  resonance,  the  driven  end  of  the  wire  rope  displayed  significontly  large  amplitudes 
of  displacement. 

In  the  case  of  the  synthetic  rope,  resonance  was  not  obtainable  from  the 
machine  drive  because  its  lowest  geared  downspeed  was  not  low  enough  to  approach 
the  natural  frequency  of  the  system.  The  method  used  to  obtain  the  natural  frequency 
was  to  rap  the  driven  beam  &t  the  rate  of  about  two  or  three  times  o  second  until  an 
apparent  and  sustaining  resonance  resulted. 
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In  each  tesl/  simulfaneous  oscillographic  recordings  of  the  four  sensors 
were  taken  at  incremental  excited  frequencies  with  two  or  three  different 
longitudinal  displacement  amplitudes.  After  completing  the  dynamic  tost,  the 
setups  were  disassembled  and  the  individual  moving  parts  were  weighed.  A  list 
of  these  weights  is  presented  in  Table  XVII, so  that  correlations  with  the  associoted 
analytics  can  be  accomplished. 


Test  Results 

Tesr  results  for  the  wire  rope  are  tabulated  in  Tables  Vl  through  X  and 
shown  in  curve  form  in  Fig.  18. 

Test  results  for  the  synthetic  rope  are  tabulated  In  Tobies  XI  through  XVI 
and  shown  in  curve  form  In  Fig.  19. 

A  typical  recording  of  the  dynamic  response  data  is  presented  in  Fig.  20. 

These  tests  clearly  indicated  that  the  dynamic  amplitudes  and  stress  in  the 
rope  were  dependent  upon  the  exciting  input  frequency.  This  dependence  can  be 
more  specifically  related  to  the  ratio  of  the  exciting  frequency  and  the  natural 
frequency  for  a  given  taut-rope  mass  system .  Although  maximum  dynamic  amplitudes 
were  always  obtained  at  resonance,  maintaining  resonance  was  observed  to  be  very 
difficult  because  the  resonance  frequencies  peaked  over  sharply  and  the  delineation 
between  resonant  and  .)onresonant  states  was  quite  abrupt.  Consequently,  most  of 
the  test  results  were  obtained  under  nonresonont  conditions.  At  these  conditions, 
the  driven  end  was  virtually  at  a  standstill .  This  indicated  that  the  input-exciting 
displacements  caused  elastic  elongations  in  the  test  samples . 

Since  the  synthetic  rope  has  a  lower  spring  constant  and  associated  dampening, 
it  had  to  be  excited  with  larger  longitudinal  displacements  than  the  wire  rope  in  order 
to  yield  readoble  doto . 


Discussion 


Selection  of  the  frequency  spectrum 

The  taut  rope-mass  arrangement  of  this  experimentation  could  be 
compared  to  a  spring-moss  system  with  the  support  being  sinusoidally  excited. 

The  natural  frequency  of  such  a  simplified  system  is  dependent  upon  the 
effective  spring  constant  and  the  susperxied  mass . 

In  relotif^  laborntory  testing  to  a  specific  oceanographic  opplicotion, 
the  k/m  expression  con  vary  widely.  Such  large  variations  con  be  caused  by 
the  rope  material,  its  length  and  the  "virtual"  mass  of  the  submerged  cor.$titu9r<ts . 
The  laboratory  experiments  indicated  the  rope  moteriol  and  leiigth  appeared  to 
be  the  most  effective  porometers.  Since  the  effective  spring  constant,  k,  varies 


-11- 


mverseiy  with  the  length  of  a  line,  relatp'ely  low  natural  frequencies  would 
be  expected.  In  this  regard,  the  experimentol  setup  simulated  o  considerably 
longer  rope  length  than  the  test  sample  due  to  the  modifying  dynamic  effect 
of  the  lever  arm  ratio,  a/I,  for  the  pivoting  beam. 

The  employment  of  relatively  low  test  frequencies  can  be  further 
supported  by  laboratory  test  efforts  in  attempting  to  obtain  and  observe 
maximum  dynamic  stresses  in  the  cable.  Maximum  dynamic  stresses-arc 
most  easily  obtained  at  fundamental  resonance;  that  is  when  the  frequency 
of  the  exciting  source  equols  the  fundamental  frequency  of  the  taut  rope 
system .  In  reference  to  sea  applications,  the  heaving  movement  of  a  ship 
is  chorocterized  by  low  frequencies. 

Therefore,  when  the  above  aspects  ore  combined,  the  selection  of 
the  reported  test  frequency  spectrum  (0.3  to  5.0  cps)  appears  to  be  in  order 
with  realistic  line  parameters  and  with  the  expected  excitations  at  seo. 

Maximum  stress 

Measurements  of  the  dyrximic  stresses  indicated  they  can  be  of 
significant  magnitude  occurring  almost  simultaneously  and  of  equal  magnitude 
at  both  ends  in  the  reict’velyshort  laboratory  test  samples .  Consequently, 
fatigue  may  become  a  serious  concern  for  an  actual  seo  application. 

The  most  likely  occurrence  of  incipient  fatigue  may  be  ot  or  near 
the  ship  end,  because  at  that  location  the  state  of  combined  stresses  is  the 
most  severe.  In  controst,  the  magnitude  of  the  combined  stresses  decreases 
with  increasing  depth  along  a  nonbuoyont  line  due  to  diminishing  line  weight . 
However,  high  local  stress  concentration  con  result  from  attoching  to  the 
cable  some  fittings  and  appendages  which  do  not  have  st."e5s-relieving  design 
features .  These  corxlitions  con  cause  on  early  failure  of  the  cable .  In  such 
coses,  failure  usually  occurs  where  these  fittings  are  located  along  the  submerged 
line. 


Combinod  stress 

A  load-handling  rope  in  the  ocean  can  b^and  usually  is,  subjected 
to  0  combination  of  static  and  dynamic  stresses  which  can  exceed  the  criticol 
stress  of  the  rope  material  and  cause  failure .  These  stresses  ore  usually  axial, 
torsional,  flexural  and  radial  compressive  and  are  generally  identifiable. 
Howaver,  radial  compressive  stresses  are  not  easily  defined  and  do  not  lend 
themselves  to  analytical  solutions.  For  example,  »n  the  case  where  two  layers 
of  individuol  wires  are  stranded  In  opposite  lay  direction,  as  in  double-armored 
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cabie,  fhwe  is  point-to-point  contact  between  the  two  layers  and  any 
radio!  compressive  stresses,  such  as  passage  over  a  sheave  or  the  attachment 
of  any  bolted  hardware  to  the  line,  will  contribute  to  the  high  levels  of 
localized  st.  ^ss  concentration.* 

The  need  for  enduronce  informotion  under  combined  stresses  and 
wet  conditions  have  become  apparent.  Such  data  would  provide  an  ultimate 
meaning  to  field  ar.d  laboratory  determinations . 


Elongotions 

During  the  post  it  was  observed  that  at  resononce  the  elastic 
elongations  of  the  rope  were  toward  the  driven  or  output  end .  During 
nonresonance  the  elongation  took  ploce  in  the  opposite  direction,  toward 
the  input  or  simulated  ship  end.  This  can  be  observed  from  Fig.  19,  ond 
by  noting  the  dynamic  response  Tables  VI  through  XVJ.  Referring  to  Fig.  19, 
at  resonant  frequencies  the  outp<st-it^t  ratio  is  relatively  high  compared  to 
the  nonh-equency  ratios . 

For  exompie,  Fig.  19  and  Table  VII,  ot  a  frequency  of  .60  cps 
the  input  dispiojcement  is  90  mils  and  the  output  displocement  is  700  mils. 

The  rotio  is  7.78.  However,  at  a  rMnresoixint  frequency  of  1 .5  cps  and 
higher,  the  ratio  tends  to  become  flat  but  at  a  much  lower  value  of  .040  at 
3.00  cps. 

Relating  these  observations  ro  a  combined  construction  of  wire  and 
synthetic  ropes,  then  substantially  oil  the  dynamic  elongations  would  occur 
in  the  synthetic  rope  whether  at  resonance  or  ot  norjresonance . 


iProblems  encountered 


Some  experimental  problem  areas  may  be  outlined  os: 

1 .  A  comprehensive  test  engineering  anolysis  wis  necessitated 
prior  to  the  design  of  the  experimental  equipment. 

2.  The  appropriateness,  limitations  and  modifications  of  the 
existing  facilities  hod  to  be  thoroughly  explored. 

3.  The  need  for  a  suitable,  dynomic  terminoting  ftrting  for  the 
synthetic  rope  wos  required  and  hod  to  be  constructed  so  as 
to  insure  successful  completion  of  the  test  progrom . 


*  J.  C.  Poffenberger,  E.  A.  Capadona,  orKf  R.  B.  S?ter,  ''Dyrwmic  testing  of  cables,” 
Transoctions,  2nd  Anrsuai  Marine  Technology  Society  Conference,  Washington,  D.  C ., 
Exploiting  the  oceon,  pp  485-523.  June  27  -  29,  1 966. 
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Summory 

The  loboiotcry  experimenrs  indicated  the  rope  material  and  length  oppeared 
to  be  the  po'ometers  which  most  affected  the  \c/m  expression.  The  tests  also  confirmed 
the  relatively  low  natural  freguencioc  which  were  expected  ir.  the  considerable  longer 
rope  lengths  used  in  the  ocean. 

The  laboratory  tests  also  indicated  that  the  maximum  dyromic  streses  usually 
occur  at  fuixiomental  resonont  frequencies  of  the  tope  system .  Measurements  of  these 
dynomic  stresses  showed  that  they  con  be  of  significant  magnitude  occurring  simul¬ 
taneously  at  both  ends  of  the  reloHvely  sSort  laboratory  samples.  A  study  of  Fig.  20 
and  the  dynomic  response  tobies  indicate  this  situation  and  also  reveal  that  at  resonance 
the  elastic  elongations  of  the  rope  ore  toward  the  driven  or  output  end .  During 
nonresonance,  the  elongation  takes  place  in  the  opposite  direction,  toward  the  simulated 
ship  f'-xJ . 


RECOMMENDATIONS 


1 .  Closer  simu’otion  of  the  sea  <^iiccrtion  may  be  obtained  by  introdtjcing  some 
of  the  hydraulic  poremeters,  viz.,  drog,  buoyar)cy. 

2.  Rondom  loading  of  test  samples  should  be  investigated.  Under  random  loading 
conditions,  low  frequency  resononce  becomes  difficult  to  sustoin  because  the 
resonant  frequencies  peeked  very  sharply  and  the  dolineotion  betvreen  resonant 
ar<d  nonresonont  state  was  obrupt. 

3.  Erxiurance  doto  for  verio^K  rc»pe  fnGte.’ial  is  rteeded  and  is  of  great  impertance 
in  the  sea  environment.  The  needed  endurance  data  could  be  categorized  os  e 
high  stole  of  stress  combined  with  c  low  cycle  life,  ond  a  low  state  of  stress 
combined  with  higit  cycle  life. 

4.  Terminating  fittings  should  be  corehilly  selected  in  conjunctiori  with  the 
associated  dynamic:  since  the  weakest  link  in  some  systems  is  ot  or  near  the 
termination. 

5.  A  reliable  termicKiting  device  should  be  designed  ond  employed,  in  order  to 
estobliid)  on  odequote  bosis  for  comporison  and  selection  of  the  best  type  of 
line  for  load-handlir>g  purposes.  Then,  o  relotively  forge  number  of  sompies 
should  be  tested.  Testing  cf  several  samples  is  desirable  for  any  motcriai .  This 
desirability  becoir.js  especially  ocute  for  stranded  line  moterials  which  ore 
inherently  chorocterlzed  by  nonuniformity  of  looding  along  the  i!>dividuol  strands 
and/or  among  their  groupings . 

6.  More  sophisticated  instrumentotion  should  be  developed  to  obtain  vernier  rotation 
measurements  which  could  become  useful,  so  that  the  amount  of  rotation  from 
relatively  short  iei^th  laboratory  samples  could  be  zxtropoloted  to  longer  field 
lengths .  if  loops  hod  been  formed  and  kinks  developed  on  d>ort  lengths  in  the 
laboratory,  then  it  could  be  sofely  ossummed  that  loops  ond  kinks  wifi  form  on 
very  long  iengtfs. 


7.  IHs  recommended  that  the  rotation  kink  formation  ph«e  of  testing  be  further 
investigated  from  th£  standpoint  of  determining  how  much  rotation  is  actuolly 
needed  to  form  a  loop  arKi  a  kink. 
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TABLE  } 


TENSIOhi  ELONGATION  DATA  FOR  WIRE  ROPE  SAMPLE  NO.  I  * 


Gage  Length  —  60  inches 


1st  Loading  Cycle 

Unloading 

Cycle 

2nd  Loading  Cycle** 

Load 

Elongation 

Load 

Elongation 

Load 

Elongation 

(lbs) 

(ins) 

Obs) 

(ins) 

Obs) 

(ins) 

1,000 

.000 

50,000 

.306 

10,000 

.000 

5,000 

.047 

45,000 

.341 

20,000 

.056 

10,000 

.084 

40,000 

.298 

30,000 

.100 

15,000 

,i23 

35,000 

.254 

40,000 

.146 

20,000 

.132 

30,000 

.228 

50,000 

.236 

25,000 

,170 

25,000 

.190 

55,000 

.242 

30,000 

.202 

20,000 

.152 

60,000 

.307 

35,000 

.204 

15,000 

.142 

65,000 

.329 

40,000 

.232 

10,000 

.105 

45,000 

.263 

5,000 

.055 

50,000 

.306 

1,000 

.029 

*  See  Hysteresis  Curve  Fig  ,11. 

**  Force  multipiying  pulley  urrongement  wos  installed  to  obtain  higher  loodings. 


TABir  ti 


TENSION  ELONGATION  DATA  FOR  WIRE  ROPE  SAMPLE  NO.  3 


Gage  Length  —  60  inches 


Load 

dbs) 


Elongation 


(ins) 


1,C00 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

45,000 

50,000 

55,000 

60,000 


.000 

.103 

.152 

.184 

.224 

.260 

.296 

.335 

.366 

.410 

.433 

.494 

.528 


Wire  rope  failed  at  66,500  pounds. 

TABLE  HI 

TENSION  ELONGATION  DATA  FOR  SYNTHETIC  ROPE  SAMPLE  NO.  1 


Gage  Length 

—  60  inches 

Load 

Elongation 

Obs) 

(ins) 

1,000 

0.00 

2,000 

0.50 

5,000 

2.00 

10,000 

4.31 

15,000 

6.50 

20,000 

8.44 

25,000 

10.63 

Synthetic  rope  failed  ot  29,200  pounds. 


TABLE  IV 


ROTATIOhJ  AND  ELONGATION  DATA  FOR  WIRE  ROPE 
(Outdov  MtMsurwnenh} 


Lead  Sp4itcimen  No.  Elongotion  Rotation 


(lbs) 

(Ins) 

(degrees) 

200 

0 

0 

4,100 

2 

6/64 

0 

7,800 

4 

7/64 

45 

11,800 

6 

14/64 

90 

15,400 

8 

\2/64 

135 

(letborator/  Meosuremonts) 

Lood 

Specimen  No. 

Elongation 

Rotation 

(lbs) 

(ins) 

(degrees) 

200 

0 

0 

4,(00 

2 

5/64 

20 

7,800 

4 

10/64 

5 

11,800 

6 

13/64 

9 

15,400 

8 

17/64 

4 

TAStE  V 


ROTATION  AND  aONGATION  DATA  FOR  SYNTHETIC  ROPE 

(Cwiuoor  fAtamtemMrih) 


load 

Specimen  No. 

RotoHon 

(lbs) 

0ns) 

(despees) 

200 

0 

C 

2,250 

1 

4  n/64 

0 

4,500 

3 

7  3V64 

225 

6,900 

7 

9  43/64 

45 

9,000 

5 

^0  5i/M 

135 

I 
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STEEL  WME  ROff  9YNAMfC  ftESK>NSE  DATA 
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STEEL  WIRE  ROPE  DYNAMIC  RESPONSE  DATA 


WIRE  ROPE  DYNAMIC  RESPONSE  DATA 
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WIRE  ROPE  DYNAMIC  RESPONSE  DATA 
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WIRE  ROPE  DYNAMIC  RESPONSE  DATA 
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TABLE  XI 


Therefore,  these  reodings  were  tabulated  os  zero. 


SYNTHETIC  ROPE  DYNAMIC  RESPONSE  DATA 
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SYNTHETIC  ROPE  DYNAMIC  RESPONSE  DATA 
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SYNTHETIC  ROPE  DYNAMIC  RESPONSE  DATA 


SYNTHETIC  ROPE  DYNAMIC  RESPONSE  DATA 


TABLE  XVII 


WEIGHTS  OF  INDIVIDUAL  MOVING  COMPONENTS  USED  IN 
DYNAMIC  RESPONSE  TESTS 


Driving  End 


Weight  and  Basket 

670 

lbs 

6  oz 

Beam  and  Clevis 

73 

lbs 

7  oz 

Pillow  Block  Shaft 

il 

lbs 

15  oz 

LVDT  Actuator  Core 

2 

!bs 

0  oz 

Turnbuckle  Assembly 

21 

lbs 

3  oz 

Driven  End 


Weight  and  Basket 

1,127  lbs 

5  oz 

Beam  &  Clevis 

76  lbs 

3  oz 

Pillow  Block  Shaft 

11  lbs 

1 1  oz 

LVDT  Actuator  Core 

3  lbs 

14  oz 

Turnbuckle  Assembly 

21  lbs 

12  oz 

Wire  Rope  Test  Sample  with  Fittings 

171  lbs 

7  oz 

Synthetic  Rope  Test  Sample  Fittings 

69  lbs 

8  oz 

Schematic  of  Tension  Test  Mach 


-  2  Tension  Test  Setup  for  Wire  Rope  Using  Force  Doubling  Pulley  Arrangement 


Fig.  3  Typical  use  of  Caf hometers  to  Measure  Elongation.  The  Actual 
Test  Setup  is  Shown  In  Fig.  2. 


Fig,  4  Tension  Test  Setup  for  the  Synthetic  Rope  SompI 


7/8"  DIA. 

3  X  46  SCALE  FW  MONITOR 


Fig.  5  Drawing  of  Typical  Wire  Rope  Test  Sample 
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Fig.  10  UitiiTKita  l^ctur*  of  ihm  Synthotlc  Hop*  Toil  SovtpU  No.  1  Occurrod 
of  th#  Juncflon  of  th«  Loop  and  th#  Long  L*r>gth  of  Rop«. 
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Fig.  15  Sch«;m>Hc  of  Driver  End  Test  Setup 


Fig.  16  SchftTJofic  of  Driven  end  Tesf  Sefup 


Fig.  17  Schemotic  of  Test  Setup  'or  Dynamic  Response  Tests 


Fi9 .  20  Typical  Osclllogrom  of  Data  for  the  Dynamic  Response  of  o  Wire  Rope  SampI 


APPENDIX  A 

dynamic  effects  of  lever  arm  ratio 


Ccn$idefol!on  i 

In  the  ocean:  a  rope  of  undetermlRed  length 
of  sea  water  were  not  considered. 

The  freguenc)'  is 

U} 


rr 

M 


where  K  =  ~  and  >  =  .Ik* 
h  ^  AE 


hence  K 

=  fiL 

# 

V  L,M 

Let  C  = 

/aT” 

V  M 

then 


Considerotion  H 

In  the  bborot^ry.  (Refer  to  Fig.  16.) 


The  dampening  effects 


-2- 


To  cbhUr.  trx  tame  looking  in  the  laborctofy  oi  expected  on  the  ocaon 
rope,  a  pivoting  beam  was  used  with  o  force  multiplier  of  I  . 

o 

M  =  i-  m 

o 

end 
C  = 

then 

05  “ 


It  con  be  seen  thof  the  e^ivaient  length  of  ocean  rope  to  give  the  some 
fregtiencies  at  in  the  loborotory  test,  rotoe  is  I  .  .  This  is  e<|ual  }o  15  L2  so 

~  X  Li 

thot  1 15  feet  o*  loboratory  test  rope  siiRuloted  an  ocean  rope  length  of  1,725  feet 


A  list  of  symbols. 

o  =  Seam  lever  arm  length,  short  length. 

A  -  Cross  sectionol  oreo  of  rope- 

-  r-  ^  ^  /A£ 

C  =  Ccostont  J-rr— 

’  m 

£  =  ^dodulus  of  elostlcity  of  r«>e> 

K  ~  Sprang  coi’istont  cf  ocean  rope, 
k  =  Spring  constent  of  lobcrotory  rope . 

I  =  Seam  lever  ons  len^h,  lor^  length . 

Lj  =  Length  of  ocean  rope. 

Li  =  Length  of  Icbomtory  rope- 

f 

=  .Moss  in  ocesn.  =  ~  ys) 
o 

m  =  Moss  in  loboratory. 

T  =  KOpe  ter-jion  - 

^  -  Afigulor  frequencies  in  radiant  per  second . 

^  ==  ESot^jofion. 
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A  tesHng  progrom  was  i.iifiated  by  U.  S.  Novol  Civil  Engineering  Ldborotnry  to  concLjcf 
dynontic  tests  on  torque  bolonced  wire  ond  synfhefia  rope.  Tbc  test*  were  conducted  ot  the 
lohcratori^  of  Preformed  Line  Products  Compony,  Cleveland,  Ohio. 

The  scope  of  tl«  work  wos  to  provide  dote  so  that  o  bosis  con  be  established  to  selec*  the 
bssf  type  of  line  for  bad*4)cndUng  purposes  in  H»e  deep  ocsoi.  e-wirenment ,  The  tests  consisted  of 
tension  ys  elongotion,  rototoo  ond  kt(i»c  fonootior.;  ond  longitudinol  dynamic  response. 

Ti>e  tension  elongation  tests  yielded  doto  typicoi  to  stranded  line  construction. 

The  ro!otion-k:nk  tests  revccled  that  negl'gibie  rototions  resulted  in  the  test  cc^es  when 
under  locd  ond  thet  no  kinks  were  formed  when  the  load  wos  suddenly  reieosed. 

The  dynomic  response  tests  shewed  thot  the  meosored  dynamic  stresses  we-e  deperKStsit  upon 
the  exciting  Dequency .  The  noturcl  frequency  for  the  synthetic  rope  sotiiple  wos  C.3  cps  ond  0.-5cf» 
for  th2  wire  rope . 

The  tests  indicoted  thot  the  highest  voices  d  combined  static  and  cynomic  stresses  occur  ot 
resononce  which  could  couse  failure  of  the  coble  ct  points  of  high  stres:  concentrotion . 

It  is  recommended  that  some  hydrouiic  porometers  ond  random  excitotion  be  introduced  :n  the 
K'ture  testing  of  this  type.  Stress  reiicvii^  fittings  should  be  envestigoted  ^  esc-  on  icod  ’icndling 
fines  in  the  oceon  environmerA. 
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